Aldol condensation between diacetone alcohol and substituted benzaldehyde using calcium hydroxide as a base was investigated. Reaction of diacetone alcohol with benzaldehyde in the presence of base formed 4benzylidene-5-hydroxy-5-methyl-1-phenylhex-1-en-3-one, which then converted into dibenzylidene acetone. The advantages of this method include high yield, use of inexpensive catalyst, easy workup, and simple purification process.
Introduction
Dibenzylidene acetone possesses an aromatic ketone and an enone moiety and is an important component in a variety of biological compounds. Dibenzylidene acetone is obtained by an aldol condensation of benzaldehyde and acetone in the presence of sodium hydroxide as a catalyst. Dibenzylidene acetones having different substitutions on the aromatic rings are used as a precursor for the synthesis of flavonoids, which are abundant in comestible plants. Majority of the naturally occurring or synthetically obtained dibenzylidene acetone are biologically active and are extensively used in pharmaceutical applications. Dibenzylidene acetone undergoes a variety of chemical reactions and is intermediates in the synthesis of heterocyclic compounds [1] such as isoxazoles, quinolinones, thiadiazines and flavones [2] . They are also key intermediates in addition reaction like cycloaddition, Michael addition due to the presence of enone functionality. The dibenzylidene acetone exhibits a wide range of biological activities [3] , such as antifungal [4] , antioxidant [5] , antimalarial [6] , analgesic [7] and antitumor characteristics [8, 9] .
Numerous approaches for synthesis of dibenzylidene acetone based on carbon-carbon bond formation have been reported. Among them, the aldol condensation reaction plays an important role. The prominent way for the synthesis of dibenzylidene acetone is the classical Claisen-Schmidt condensation using sodium hydroxide [10] or barium hydroxide [11] . The other ways to obtain carbon-carbon bonds are by Suzuki reaction [12] , Witting reaction [13] , Friedal-crafts acylation with cinnamoyl chloride [14] , and Photo-Fries rearrangement of phenyl cinnamates [15] . The synthesis of dibenzylidene acetone requires two steps with the first step being aldol formation and the following being dehydration. The aldol reaction can also be performed in acidic medium [16] as well as in the presence of zirconium chloride [17] . Recently, alternative methods for the synthesis of dibenzylidene acetone has been reported by using SOCl2 [18] and by using basic alumina in microwave irradiation [19] . However, these methods have disadvantages such as harsh reaction conditions, toxic reagents, strong acidic or basic conditions, longer reaction time, low yield, and selectivity. Hence, it is imperative to develop new methods for synthesis of dibenzylidene acetone.
Calcium hydroxide is a white powder with pH 12.6 that is sparingly soluble in water [20] . Calcium hydroxide has been used in selective C-4 acylation of pyrazolones [21] and in synthesis of benzopyrans [22, 23] . The effect of calcium reagents on aldol reactions of phenolic enolates and acetone with aldehydes is well studied [24] [25] [26] . In the present study, aldol condensation between diacetone alcohol and substituted benzaldehydes in the presence of calcium hydroxide to afford dibenzylidiene acetone is reported.
Results and Discussion
In the preliminary trial, aldol condensation reaction between diacetone alcohol and benzaldehyde with calcium hydroxide as a base was considered as a model reaction. The reaction was monitored by TLC. The product dibenzylidene acetone (3a) was isolated by acid work-up, purified by recrystallization from ethanol and characterized by NMR and IR spectroscopic methods. The IR spectra showed no bands beyond 3300 cm -1 , typical for alcohol, confirming the absence of OH group. The 1 H NMR spectra showed no signals in aliphatic region. Different solvents were screened ( Table 1) , and ethanol was found to be the suitable solvent for this reaction with a yield of 80%. Next we extend the scope of reaction with various substituted benzaldehyde. The substituted groups on benzaldehyde are electron donating and electron withdrawing at o-, m-, pposition. The result are summarized in Table 2 . The substituent at para position is electron withdrawing group increases yield of product with short reaction time and electron donating substituent decreases the yield with long reaction of time. O-substituted benzaldehyde gives moderate yield due to steric interaction. Scheme 1. Aldol condensation between Diacetone alcohol and benzaldehyde using calcium hydroxide in ethanol.
Material and Methods

Experimental Section
All the reagents and chemicals were obtained from commercial sources and used without further purification. Yields were calculated from isolated products. Melting points were determined in open capillary tubes and were uncorrected. All compounds were known and characterized by spectroscopic data (FTIR, 1 H NMR, 13 C NMR and HRMS). FTIR spectra were recorded on an Alpha T Burker spectrophotometer. 1 H and 13 C NMR spectra were recorded at room temperature on BRUKER AVANCE DRX-500 MHz spectrometers using CDCl3 as solvent and referenced to tetramethyl silane (internal standard). The purity of synthesized compounds and the development of reactions were monitored by thin layer chromatography (TLC) on Merck pre-coated silica gel 60 F254 aluminium sheets, visualized by UV light. 
General procedure for the preparation of dibenzylidene acetone
Diacetone alcohol (5mmol) and aryl aldehydes (10mmol) were added to 20mL ethanol under stirring at 60ºC followed by addition of calcium hydroxide (10mmol). The progress of reaction was monitored by TLC using ethyl acetate: petroleum ether (2:8) solvent system. After complete consumption of aldehyde, the reaction mixture was poured into ice cold water in a beaker. The precipitated calcium salt was neutralized by concentrated HCl, at 0-5ºC. Dibenzylidene acetone was precipitated as yellow crystal, filtered on Buchner funnel, and purified by recrystallization from ethanol. 
Spectral data of synthesized compounds
Conclusions
We studied the aldol condensation between diacetone alcohol and aromatic aldehydes using calcium hydroxide as base and observed that diacetone underwent retro-aldol condensation to form the acetone. The generated acetone reacted with aldehydes to give the corresponding dibenzylidene acetones. This is an alternative method for the synthesis of dibenzylidene acetone. The merits of this method include the use of inexpensive and naturally abundant calcium hydroxide as catalyst; circumvention the extraction process during isolation of products, high yield, easy work-up, and no toxic reagents.
